•ft 



2 9 2004 - 

1 



80001-2835 
REDLINE VERSION 



Attorney Docket No. : SON-2835 
Application No. : 10/684,459 



HEAD ACTUATOR, HARD DISK APPARATUS AND METHOD OF 
MANUFACTURING A HEAD ACTUATOR 
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5 The present document claims priority to Japanese Priority 

Document JP2002-304832, filed in the Japanese Patent Office on October 
18, 2002, the entire contents of which are incorporated herein by reference 
to the extent permitted by law. 



10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a head actuator in which a 
magnetic head is attached to a rotatable arm by way of an elastic member, 
a hard disk apparatus equipped with a head actuator, as well as a method 

15 of manufacturing a head actuator. More particularly, the present 
invention seeks to provide a thinner head actuator, and thus a thinner 
hard disk apparatus, by way of a configuration in which two elastic 
members are attached to an arm in such a manner that the arm is 
positioned between the elastic members. 

20 2. Description of the Related Art 

Figs. 11A and 11B are plan views showing configuration examples 
of conventional hard disk apparatuses (HDDs), where Fig. 11A shows a 
fixed hard disk apparatus and Fig. 11B shows a removable hard disk 
apparatus. In a conventional hard disk apparatus 51, magnetic heads 53 

25 for recording and reading information on a disk 52, suspensions 54 for 
supporting these magnetic heads 53 on one end, and a head actuator 56 
including an arm 55 for keeping these suspensions 54 fixed in place are 
incorporated. The shape of the conventional head actuator 56 is such 
that it is symmetrical with respect to straight fine C-C drawn through the 

30 center of a pivot 57 and the magnetic head 53. A head actuator with such 
a shape is also referred to as an in-line head actuator. 
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In the removable hard disk apparatus 51, the disk 52 is housed 
inside a disk cartridge 58 7 and is freely removable from the body of the 
apparatus. Fig. 12 is a sectional view showing a configuration example of 
the main portion of a conventional disk apparatus. In addition, Fig. 12 is 
5 a sectional view along line D-D in Fig. 11B. 

In the in-line head actuator 56, as shown in Figs. 11A and 11B, 
when the head actuator 56 is rotated to a point where the magnetic heads 
53 reach the innermost portion of the disk 52, the tip of the arm 55 
interferes with the disk 52. Therefore, in order to avoid this interference 

10 with the disk 52, the arm 55 is shaped, as shown in Fig. 12, such that its 
tip is bifurcated. Bosses 59 of the suspensions 54 are mounted on the tips 
of upper and lower blocks 55a and 55b of the bifurcated tips such that the 
tip portions of the bosses 59 face outward, and they are fixed in place 
through caulking or adhesion. 

15 Therefore, in the conventional head actuator 56, because a certain 

thickness is necessary for each of the tip portions of the bifurcated arm 55 
in order to maintain enough strength, the actuator 56 as a whole 
inevitably becomes thicker, and thus therein lies a problem in that it also 
becomes difficult to make the hard disk apparatus 51 equipped with this 

20 head actuator 56 thinner. 

Further, with respect to a removable hard disk apparatus that 
uses the conventional head actuator 56, as shown in Fig. 12, along with 
the head actuator 56, the disk cartridge 58 inevitably becomes thicker as 
well. In other words, because the bifurcated tip portions of the arm 55 

25 interfere with the disk 52 and the disk cartridge 58, it is difficult to make 
the disk cartridge 58, and thus the apparatus as a whole, thinner. 

On the other hand, in recent years, as hard disk apparatuses are 
built into an increasing number of portable devices, there is a demand for 
thinner drive apparatuses, and thus it is desired that head actuators be 

30 made as thin as possible. 

In addition, in the head actuator 56, in order to fix the suspension 
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54 onto the arm 55, ball caulking has been used conventionally. Figs. 
13A and 13B show an example of a conventional fixing process. In 
conventional methods of fixing the suspensions 54 in place by way of ball 
caulking, as shown in Fig. 13A, bosses 59 are positioned in each of the 

5 blocks 55a and 55b of the bifurcated arm 55 such that the tip portions of 
the bosses 59 face outward. Then, as shown in Fig. 13B, an intermediate 
support member 60 is positioned between the bifurcated arm 55, the arm 

55 is held by and between support members 61a and 61b, and a caulking 
ball 62 (a steel ball), which is slightly larger than the diameter of the hole 

10 in the bosses 59 of the suspensions 54, is pressed thereinto and is made to 
pass therethrough. In so doing, by having the bosses 59 of the 
suspensions 54 stretched in the radial direction by the caulking ball 62, 
the suspension 54 is fixed to the arm 55. 

However, in trying to make the conventional head actuator 56 

15 thinner, because the tip portion of the arm 55 is bifurcated, the upper and 
lower blocks 55a and 55b lack strength (i.e. thickness), and deformation 
was-is easily caused by the caulking process. As the caulked portion gets 
becomes deformed, the load with which the magnetic heads 53 are pressed 
against the disk 52 changes, and an appropriate flying height cannot be 

20 secured, thereby causing problems in reading and recording signals. 

Further, the conventional head actuator 56, during its 
manufacturing process, has to have the intermediate support member 60 
inserted between the blocks 55a and 55b of the bifurcated arm 55. 
However, because the magnetoresistive head element of the magnetic 

25 heads 53 is sensitive to shock, dust, static electricity and the like, jigs such 
as this intermediate support member 60 have to be handled with great 
care so that they do not contact the magnetic heads 53, which hinders 
assembly efficiency during the caulking process, and there is a problem in 
that it is costly. 

30 Meanwhile, a hard disk apparatus having a head actuator bent in 

the shape of an L is proposed (see Japanese Published Application 
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Hei-10-125014 pQtont document 1 . for example). 
[Patent Document l ] 

Japane s e PubliGhcd Application Hoi- 10- 12501 4 

5 SUMMARY OF THE INVENTION 

As described above, in conventional hard disk apparatuses, it was 
difficult to make the head actuator thinner without sacrificing strength, 
and thus, it was difficult to make the hard disk apparatus thinner, or, in 
the case of a removable hard disk apparatus, to make the disk cartridge 
10 thinner. 

In view of such a problem, it is possible to make the head actuator 
thinner using, as disclosed in patent document 1, a head actuator that is 
not of an in-line type. 

In other words, the present invention addresses the problems 

15 described above 7 and seeks to provide a head actuator and a hard disk 
apparatus that can be made thinner without sacrificing strength , as well 
as and a method of manufacturing a head actuator. 

A head actuator according to an embodiment of the present 
invention has two plate-shaped elastic members attached towards the tip 

20 of an arm having a rotary drive section with a gap between the elastic 
members, and a magnetic head is supported at the tip of each of the elastic 
members. On the other end of each of the elastic members, there is 
provided a boss that protrudes in the direction of the side on which the 
magnetic head is provided. Also, a fixing section having a hole into which 

25 the bosses are placed is formed towards the tip of the arm. The boss of 
one of the elastic members is inserted from one end of the hole, and the 
boss of the other elastic member is inserted from the other end of the hole 
so as to fix the fixing section in place by holding it between the elastic 
members. Further, the elastic members have a shape that is bent with 

30 respect to the arm. 

In the above head actuator above related to an embodiment of the 
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present invention, the two elastic members, to which the magnetic heads 
are attached, are attached so as to hold therebetween the fixing member of 
the arm. Thus, the tip section of the arm can be formed in a single block, 
and it becomes possible to make the head actuator thinner. In addition, 
5 by forming the tip section of the arm in a single block, the head actuator 
can be made more rigid. 

A hard disk apparatus related to the present invention is one into 
which the head actuator described above is incorporated. In other words, 
the hard disk apparatus has a head actuator in which two plate-shaped 

10 elastic members are attached towards the tip of an arm having a rotary 
drive section with a gap between the elastic members, and a magnetic 
head is supported at the tip of each of the elastic members so that the 
magnetic heads are provided on both sides of a single disk. In this hard 
disk apparatus, on the other end of each of the elastic members, there is 

15 provided a boss that protrudes in the direction in which the magnetic head 
is provided. Also, a fixing section having a hole into which the bosses are 
inserted is formed towards the tip of the arm. The boss of one of the 
elastic members is inserted from one end of the hole, and the boss of the 
other elastic member is inserted from the other end of the hole so as to fix 

20 the fixing section in place by holding it between the elastic members. 
Further, the head actuator has a form in which each of the elastic 
members is bent towards the disk with respect to the arm. 

In the above hard disk apparatus above related to an embodiment 
of the present invention, by rotating the head actuator with the rotary 

25 drive section wile rotating the disk, data is read or written with the 
magnetic heads while the magnetic heads move inward from the outside^ 
or outward from the center. 

The two elastic hiembers, to which the magnetic heads are 
attached, are attached so as to hold therebetween the fixing section of the 

30 arm. In addition, by making the head actuator have a shape in which the 
elastic members are bent towards the disk with respect to the arm, 
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interference between the arm and the disk can be prevented even in cases 
where the head actuator is rotated so as to place the magnetic heads 
towards the inner side of the disk. Thus, the tip section of the arm can be 
formed in a single block, and it becomes possible to make the head 
5 actuator thinner. As a result, a thinner hard disk apparatus can be 
realized. 

In addition, by forming the tip section of the arm in a single block, 
the head actuator can be made more rigid. Therefore, the positioning 
accuracy of the magnetic heads improves with respect to the acceleration 
10 by the driving force of the rotary drive section, and drive performance 
improves. 

In a method of manufacturing a head actuator related to an 
embodiment of the present invention, two plate-shaped elastic members^ 
each having a magnetic head,, are attached towards the tip of an arm with 

15 a gap between the elastic members. A boss provided on one of the elastic 
members is inserted from one end of a hole in a fixing section provided 
towards the tip of the arm, and a boss provided on the other elastic 
member is inserted from the other end of the hole in the fixing section. 
Each boss is caulked so as to be fixed to the fixing section. 

20 In the method of manufacturing a head actuator above related to 

an embodiment of the present invention, each boss is caulked in a state 
where the fixing section of the arm is held by and between the two elastic 
members. Thus, there is no need to insert a jig between the two elastic 
members between which there is only a narrow gap, deformation of the 

25 arm or the elastic members can be prevented, and the head actuator can 
be assembled with precision. 

In addition, by thus making it unnecessary to insert a jig between 
the elastic members, problems such as, for example, getting having the 
magnetic heads damaged when inserting the jig A can be prevented, the 

30 yield can be improved, and costs can be cut. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view showing a configuration example of a 
hard disk apparatus of a first embodiment; 

Figs. 2A and 2B are diagrams illustrating a configuration example 
5 of a head actuator in the embodiment above; 

Figs. 3A and 3B are plan views showing the hard disk apparatus of 
the first embodiment in operation; 

Fig. 4 is a sectional view showing a configuration example of the 
main portion of the head actuator in the embodiment above; 
10 Figs. 5A and 5B are diagrams illustrating a configuration example 

of a suspension in the embodiment above; 

Fig. 6 is a diagram illustrating an example of an attachment 
process for the suspensions in the embodiment above; 

Fig. 7 is a diagram illustrating an example of a fixing process for 
15 the suspensions in the embodiment above; 

Fig. 8 is a plan view showing a configuration example of a hard 
disk apparatus of a second embodiment; 

Fig. 9 is a plan view showing the hard disk apparatus of the second 
embodiment in operation; 
20 Fig. 10 is a sectional view showing a configuration example of the 

main portion of the hard disk apparatus of the second embodiment; 

Figs. 11A and 11B are plan views showing configuration examples 
of conventional hard disk apparatuses; 

Fig. 12 is a sectional view showing a configuration example of the 
25 main portion of a conventional hard disk apparatus; and 

Figs. 13A and 13B are diagrams illustrating an example of a 
conventional fixing process. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
30 Embodiments of head actuators, hard disk apparatuses, as well as 

and methods of manufacturing a head actuator related to the present 
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invention will be described with reference to the drawings. Fig. 1 is a 
perspective view showing a configuration example of a hard disk 
apparatus of a first embodiment, and Fig. 2 is a diagram illustrating a 
configuration example of a head actuator in this embodiment. In Fig. 1, a 
5 cover, which is not shown in the drawing, is removed in order to show the 
internal structure of the hard disk apparatus. Fig. 2A is a plan view, and 
Fig. 2B is a sectional view along line A- OA in Fig. 2A. 

A hard disk apparatus 1 of the first embodiment is equipped with a 
head actuator 6, such as the one shown in Figs. 2A and 2B, which includes 

10 magnetic heads 3 for recording/reading information to/from a disk 2, 
suspensions 4 as elastic members for supporting the magnetic heads 3 at 
the side towards the tips of the suspensions 4, and an arm 5 fixed to these 
suspensions 4. A configuration in which the two suspensions 4 are 
attached so that the arm 5 is held by and between these suspensions 4 

15 from above and below is adopted, and thus, the head actuator 6 is made 
thinner. 

The head actuator 6 is attached in such a manner that the arm 5 is 
rotatable with respect to a housing 8 with a pivot 7 at the center. The 
head actuator 6 is rotated by a voice coil motor 9 as a rotary drive section 

20 that is provided on the side of the pivot 7 opposite the side on which the 
suspensions 4 are provided. The supplying of power to the head actuator 
6 and the communication of signals with the magnetic heads 3 are 
performed via a flexible printed board 10 fixed to the arm 5. 

Figs. 3A and 3B are plan views showing an example of the hard 

25 disk apparatus of the first embodiment in operation. In Fig. 3A, the head 
actuator 6 is rotated so that the magnetic heads 3 are moved to the 
innermost portion of the disk 2j T and in Fig. 3B, the head actuator 6 is 
rotated so that the magnetic heads 3 are moved away from above the disk 
2. 

30 By having the suspensions 4 attached at an angle with respect to 

the direction in which the arm 5 extends so as to be closer to the disk 2, 
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the head actuator 6 is given the shape of an approximate L as viewed from 
above. Thus, as shown in Fig. 3A, even when the head actuator 6 is 
rotated to a point where the magnetic heads 3 are positioned at the 
innermost portion of the disk 2, the tip of the arm 5 does not interfere with 
5 the disk 2. 

Thus, the tip of the arm 5 can be configured in a single block, and a 
configuration in which the two suspensions 4 are attached such that the 
tip of the arm 5 is held by and between these suspensions 4 from above 
and below can be adopted. 

10 Next, with reference to Figs. 4, 5A and 5B, the mechanism for 

attaching the suspensions 4 to the arm 5 in the head actuator 6 described 
above will be described. Fig. 4 is a sectional view showing a 
configuration example of the main portion of the head actuator 6 of the 
present embodiment 7 and is a sectional view along line B-B in Fig. 3. In 

15 addition, Figs. 5A and 5B are diagrams for illustrating a configuration 
example of the suspensions in the present embodiment, where Fig. 5A is a 
plan view and Fig. 5B is a sectional view from the side. In Figs. 5A and 
5B, there is shown the suspension 4 before being attached to the arm 5. 

As shown in Figs. 5A and 5B, the suspension 4 has the magnetic 

20 head 3 attached towards the tip thereof, and a base plate 11 is integrally 
attached to the other end of the suspension 4 through spot welding or the 
like. A boss 12 for fixing is provided in the base plate 11. This boss 12 is 
a cylindrical protrusion T and protrudes towards the side on which the 
magnetic head is provided. The protruding tip section of the boss 12 is 

25 formed so as to be thicker than the other portions thereof. 

As shown in Fig. 4, a suspension fixing section 13 is provided on 
the tip side of the arm 5, and a hole 14 to which the bosses 12 of the base 
plates 11 that are integrated with the suspensions 4 are attached is 
formed in the suspension fixing section 13. The suspension fixing section 

30 13 is configured in a single block, and the hole 14 penetrates the arm 5 
from the upper surface through the lower surface 7 and has a diameter that 
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is substantially the same as the outer diameter of the boss 12. 

Then, the boss 12 of one of the suspensions 4 is inserted into the 
hole 14 from the upper end thereof, and the boss 12 of the other 
suspension 4 is inserted into the hole 14 from the lower end thereof. By 
5 caulking the tip section of each of the bosses 12, the two suspensions 4 are 
fixed to the suspension fixing section 13 such that the arm 5 is held by the 
suspensions 4 from above and below. In addition, the suspensions 4 may 
be fixed to the arm 5 using an adhesive. 

In the present embodiment, because the arm 5 has its suspension 

10 fixing section 13 configured in a single block, a higher degree of rigidity 
can be obtained as compared to a head actuator with an arm whose 
cross -sectional form is bifurcated^ as is conventional. With such a head 
actuator 6 with a more rigid arm 5, the positioning accuracy of the 
magnetic heads 3 is improved, aftdr -which is more advantageous in terms 

15 of the performance of the drive. 

Next, with reference to Figs. 6 and 7, a method of fixing the 
suspensions 4 in place in the head actuator 6 will be described as an 
embodiment of a method of manufacturing a head actuator. Fig. 6 is a 
diagram illustrating an example of an attachment process of the present 

20 embodiment for the suspensions 4; T and Fig. 7 is a diagram illustrating an 
example of a fixing process of the present embodiment for the suspensions 
4. 

As shown in Fig. 6, the two suspensions 4 have their bosses 12 face 
each other, aftd-the boss 12 of one of the suspensions 4 is inserted into the 
25 hole 14 from the upper end thereof, and the boss 12 of the other 
suspension 4 is inserted into the hole 14 from the lower end thereof. 
Thus, the arm 5 is held between the two suspensions 4. 

Next, as shown in Fig. 7, the arm 5, to which the suspensions 4 are 
attached as described with reference to Fig. 6, is set between support 
30 member 15a and 15b. Since there is present, between the two 
suspensions 4 held between the support members 15a and 15b, the 
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suspension fixing section 13 of the arm 5 configured in a single block, a 
support member is unnecessary between the suspensions 4. 

After the arm 5, to which the suspensions 4 are attached, is set 
between the support members 15a and 15b, a caulking ball 16, whose 
5 diameter is slightly larger than the diameter of the tip section of the 
bosses 12, is penetrated from inside of the upper boss 12 down through to 
the inside of the lower boss 12. The cross section of the bosses 12 is such 
that the tip section is formed thicker than the other portions, and this 
thicker portion protrudes inward. Thus, when the caulking ball 16 

10 passes therethrough, the tip portion of the bosses 12 is deformed outward, 
and the suspensions 4 are fixed to the arm 5. 

Since the arm 5 of the present embodiment is more rigid than the 
conventional bifurcated arm as described above, deformation after 
caulking can be suppressed to a minimum. In addition, because the 

15 suspension fixing section 13 of the arm 5 is formed in a single block, an 
intermediate support member, which was conventionally required, 
becomes unnecessary. 

As described with reference to Fig. 13, the intermediate support 
member 60 is used by being inserted between the suspensions 54 (which 

20 correspond to the suspensions 4 in the present embodiment) like a wedge, 
and not using this intermediate support member 60 means that the 
handling of the magnetic heads 3 can be simplified, that the caulking 
process can be made more efficient, and that a reduction in cost can be 
achieved. In addition, by making the intermediate support member, 

25 which is limited in terms of its thickness in comparison with the support 
members 15a and 15b, and whose strength is lower, the attachment 
accuracy of the suspensions 4 can also be improved. Further, defects 
resulting from deformation of the arm 5 due to lack of strength of the 
support member can be reduced. 

30 As described above, in the hard disk apparatus 1 of the first 

embodiment, by having the head actuator 6 have a shape that is bent in 
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an approximate L, interference between the arm 5 and the disk 2 when 
the magnetic heads 3 are moved to the inner areas of the disk 2 can be 
avoided. Thus, the two suspensions 4 can be attached so that they hold 
the tip of the arm 5 formed in a single block between themselves, and it 
5 becomes possible to make the head actuator 6 thinner. Therefore, the 
hard disk apparatus 1 can be made thinner. 

Next, with reference to Figs. 8 and 9, a hard disk apparatus of a 
second embodiment will be described. Fig. 8 is a plan view showing a 
configuration example of the hard disk apparatus of the second 

10 embodiment^ and Fig. 9 is a plan view showing an example of the hard 
disk apparatus of the second embodiment in operation. In Figs. 8 and 9, 
in order to describe the internal structure of the hard disk apparatus, the 
hard disk apparatus is shown with a cover, which is not shown in the 
drawings, removed. In addition, components with the same or similar 

15 configurations as in the hard disk apparatus 1 of the first embodiment will 
be described with like reference numerals designated thereto. 

A hard disk apparatus 21 of the second embodiment is one in 
which the head actuator 6 described in the first embodiment is 
incorporated into a removable HDD (hard disk drive) in which a disk 

20 cartridge 23 housing a disk 22 is made freely removable from the hard 
disk apparatus 21. 

The disk cartridge 23 has the shape of a shallow box T and feas-an 
opening section 24 in one of the side surfaces. A shutter 25 that can be 
freely opened and closed is provided at the opening section 24, and by 

25 closing the opening section 24 with this shutter 25 when the disk cartridge 
is removed from the hard disk apparatus 21, the disk 22 inside the disk 
cartridge 23 is protected. 

The hard disk apparatus 21 is equipped with a mechanism, which 
is not shown in the drawings, for making the disk cartridge 23 freely 

30 removable, a spindle motor 26 for rotating the disk 22 inside the disk 
cartridge 23, and the like. 
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The head actuator 6 is attached in such a manner that the arm 5 is 
rotatable with respect to the housing 8 with the pivot 7 at the center. The 
head actuator 6 is rotated by the voice coil motor 9 that is provided on the 
side of the pivot 7 opposite the side on which the suspensions 4 are 
5 provided. The supplying of power to the head actuator 6 and the 
communication of signals with the magnetic heads 3 are performed via the 
flexible printed board 10 fixed to the arm 5. 

By having the suspensions 4 attached at an angle with respect to 
the direction in which the arm 5 extends so as to be closer to the disk 2, 

10 the head actuator 6 is given the shape of an approximate L as viewed from 
above. The suspensions 4 of the head actuator 6 are what goes inside the 
disk cartridge 23 through the opening section 24. Thus, as shown in Fig. 
8, even when the head actuator 6 is rotated to a point where the magnetic 
heads 3 are positioned at the innermost portion of the disk 22, the tip of 

15 the arm 5 does not interfere with the disk 22. 

Thus, the tip of the arm 5 can be configured in a single block, and 
the head actuator 6 can be made thinner. The fixing structure for the 
suspensions 4 is the same as the one described with reference to Figs. 4 
and 5, where the suspension fixing section 13 is provided on the tip side of 

20 the arm 5, and the hole 14 for attaching the bosses 12 of the base plates 11 
that are integrated with the suspensions 4 is formed in the suspension 
fixing section 13. The suspension fixing section 13 is configured in a 
single block, and the hole 14 penetrates the arm 5 from the upper surface 
through the lower surface 7 and has a diameter that is substantially the 

25 same as the outer diameter of the bosses 12. 

Then, the boss 12 of one of the suspensions 4 is inserted into the 
hole 14 from the upper end thereof, and the boss 12 of the other 
suspension 4 is inserted into the hole 14 from the lower end thereof. By 
caulking the tip section of each of the bosses 12, the two suspensions 4 are 

30 fixed to the suspension fixing section 13 such that the arm 5 is held by the 
suspensions 4 from above and below. 

13 
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Fig. 10 is a sectional view showing a configuration example of the 
main portion of the hard disk apparatus of the second embodiment. As 
described with reference to Fig. 12, in the conventional hard disk 
apparatus 51, since a groove section for evading the disk 52 is provided at 
5 the tip of the arm 55, the arm 55 had such a shape in which the tip thereof 
was bifurcated. Thus, the arm 55 was made thicker, and because the 
arm 55 is to enter the disk cartridge 58, the disk cartridge 58 also had to 
be thicker. 

As opposed thereto, as shown in Fig. 10, in the hard disk 
10 apparatus 21 of the second embodiment, by making the head actuator 6 
have a shape that is bent in the shape of an approximate L, interference 
between the arm 5 and the disk 22 is avoided, the tip of the arm 5 can be 
configured in a single block, and the arm 5 is made thinner. In addition, 
because only the suspensions 4 enter the disk cartridge 23, it becomes 
15 possible to make the disk cartridge 23 thinner. 

Referring back to Fig. 9, by making the head actuator 6 be-bent in 
the shape of an approximate L, the suspensions 4 end up entering the disk 
cartridge 23 from a direction that is substantially orthogonal to the 
opening section 24. As a result, the opening section 24 can be made 
20 smaller. 

If the opening section 24 of the disk cartridge 23 that is removable 
from the hard disk apparatus 21 can be made smaller, a highly reliable 
disk cartridge that is superior in terms of its anti-dust qualities can be 
provided. 

25 

Since the invention disclosed herein may be embodied in other 
specific forms without departing from the spirit or general characteristics 
thereof, some of which forms have been indicated, the embodiments 
described herein are to be considered in all respects illustrative and not 
30 restrictive. The scope of the invention is to be indicated by the appended 
claims, rather than by the foregoing description, and all changes which 
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come within the meaning and range of equivalents of the claims are 
intended to be embraced therein. 
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